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(54) IMAGE PROCESSOR 

(57)Abstract: 

PURPOSE: To set a restoring filter function for 
restoring processing optimum to a film used for image 
pickup and to realize a method to attain high speed 

restoring processing. ^t'-^'^^f: ..-^ 

CONSTITUTION: The processing unit is provided with 
a restoring filter setting section 17 which sets a 
restoring filter function using parameters of a 
deterioration functionn spectrum of a measured image 
based on blur information recorded on a film at image 
pickup, a noise spectral density with respect to the 
included noise and an ideal image spectrum density 
obtained by eliminating added noise from the 
measured image and applies optimum restoring 
processing to each film image in order to restore the 
image without blur and out-ofH^ocus from the 
measured image including blur and out-olH^ocus 
picked up on the film, a glanular noise information 
output section 18 storing and outputting glanular 
noise information specific to the film, and an image 
decoding arithmetic section 19 conducting the arithmetic processing based on the restoring 
filter function set by the restoring filter setting section 1 7. 
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1 

y.-^'!7 h)vmmt. mnrn'^^mm^mm-ti^^m^i^r 

mi^y -f )VAizmm^j^'iS.7ii^^notzisb<DmiiW.7i.y 
jv^mm^m^T?>w.^y ^ )\^^m^^^t. mmy 

m'i-AX'^m^mmm.^y ^ jv-^m^^mzmtimii^T 

mzx^xm&^titz'^mm^y ^ jv^mwuzs-^ <m 

So 

Bo 

^i^^j'Biis&ass-r 5 c t ^^mtr?>m^m i Ba«©iij 

%mVd,y ^ )\^i^(Dm.^y -i X(Dy.^^ 
iH 1 iB«4®iii^50ia^Bo 
[0 0 0 1] 

^iaaSBfcM-rso 

[0 0 0 2] 



(2) il^Msps- 1 7 2 5 3 3 

2 

*^p^>«^^c^^SAsgfs^^^^^^i*^n•rv^So <^imm. 
x'?ti^'^imi$Lm.7i,^mititmmiz^mx-ib^tK 

-f x*s^cDiii1^^3^><5^A^r#^^^^ ^^b®^H 
10 [0 0 0 3] ciciT-> ISiii^^f. mu^^fegv ft*a 

^J&fT^'JST-^l-C h AST- § So 
g = Hf + n 

fefc L-^ s : '^ihmm. 

H(i,j) 

f : Slli^ 

n: mwJ-iX 

CCTn f, g, nJi. 2*^©ili^?& l^^tcM'^^ 
^fc*)©T-*.f). H(i,j) {iiii^®m^*-r r^iSAs 
20 fJH^j T-feSo «7ci!La»#tt. C®g, H&*)i:{c 

^^TV^So z.f\,f><Dy -( )\y^\i;iy ^ X(D\y^)]/-^y.^^ 
h ^ JK * if ® X {3 M t3 S / ^ 5 ^ — ^ ^ o T * 

y^x^#t^-r€.^^LaASie^ST•fe5o 

30 it^M¥0 3- 1 3 9 0 7 0^^^$g (*5Tm^) Clar^$ 

A^f,gB^a<}{c«?S®iii^?£S§/±ib. ^tv?)^x^ 
^' h^iz/S^Wt-So ^bts ^n^®x^^^ h;i/®Jt®gp 

^LXfit ^ » fc 46® 7 ;i/ ^ Sit 19:^ b T V ^ o 
[0 0 0 4] 

[^B^As»?*bJ:di:-rsSS] ±HB®<t d {ctife*®^ 
5n7 ^ MIS® aS^tis ffliJ«ii]^*®{i«^«i!(®g|5 

^«J^®Ml^iSJ52d®wa«^t bT^tofcy -< xx^ 

40 ^ ^;l/tSt3V^•rfTt>tlTV^fe, bA^b. — flSWC, ^ 

®fflii:^?nfeiii^®«is®x'^<:7 h;u®ttag6^ASie>t* 
b^jy-rxx^^ V)\/xh^t.\±mibtii\^m-^^^\). 

* ® i: b T Ma o fc 7 ^ IliSt la^ b T b * 5 
K?)Asih#^:i$n2>»-^tfeofco H^, ffl^lS®{t 
JDy-1'X{i^^^@^*^c{±'K#b^^v^{±■rT*$)S„ bA^ 
b±M®1«^tJe*® 7 -f HIS®iS^^ffiT-fe Si;. 

S(c{igl5^ia#l®^Ulb;^5&:i:Hc:*,ftiP>' 
x®*^As^#<^#bTb*3o iaabia 

i: -r i> iB^tt^^ 7 > ^ A ^ S y -f X®|i^ ^fr d 
50 /i:^BAs^s®T% a7t;7^;i'^IIIS®gig^€.IS^{c{i 



3 

[0 0 0 5] ^zx-^mBmemii. mmiz^m^titz 

[0 0 0 6] 

[ps?£fi??*^sfeto©^S!] ^mm. 

^(Dwm(Dm.^y -< jh^mmtm^-t^mm-^m^^m 
m.ms.mm^^m-t^o -tt^ti^. m^^n^m.7^y ^ 
)\^^mwL (M(u,v)) tt. mmmz^<Dy ^ )\'K\zt^m-^ 

(H(u,v)) i:. ^KSiJ^H^t^^nsftAnifi^tc 
m-r^y' ^ y:y^^^ hji^^m. (sn(u,v) ) :i(DmB 
m'^^^mm^mi^t'^m.*)m^^rzmmmmm:^^'i^ 
h)imm (sf(u,v) ) t^^^^ ^—'i' hiiyxmmiy. m 

i Hi^^aLa^g ^ USE t- s o 

[0 0 0 7] 

©M^tH^tcDyi'X;^^^ h;i/f»$g n^y 

^ij^bTs ^a^mmm^izmmt3im5i.y ;v^mm.^m 
^t^^tiz^t)^ ^my^juAizmm^^tifzimm^ 

[0 0 0 8] 

[IISEts^J] WT(c. iaB&#MbT*^H^©SI56«?!ltro 

mm:&miz^mzmm^ntzm^mm7^^Lx^^^o 
s©itButffl^t-sm©M^M)i7ic{±. mmmiz^isf) 



(3) #P¥8 - 1 7 2 5 3 3 
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[0 0 0 9] ±t3®«l'5:7^;bA6S^ffl-rS*^5^^ 

m^mtmmmt b-t^iS3v©±gi5{cffisM^MS7 

[0 0 10] ±)j!i©«j&f«i^c?ia$nfc7^;i/A6 

«^®i*^atbT. mz. im'p^tKDm^mmtii-y 

> hiii^3 0 in^T^tzHb. ^^miDm^mmms 

1 0(DXt]}l\^XZ:<D:^:^y -OVA^m^^MitZ-k'^ h 

-r^o c:®*:«f7^;i/A®#±tf®«ai8i!)<^t4b'V>Ts 
za:)^:tJy ^ jiA^lztiWi^tiTzm^mimmmt:. z: 

5xm?)-mfj. ^^v i^mfik) mz-mim-r?,, - 

13^^® rM^«$gj ^-Y^-i^-fe>lt 1 1 
0^0 -t-A;^-r-5.^;tt{c. ^iS=i-7©±iS^©l^i4M;i 
20 7Ci3^$^^T^^?. r7^;i/AfflsK«S«?8j ^8^5!*^^ 
So ^K3v®a*B#{;::ibfe^titfia%»SS^^*'9l 
So Cl®«'5:A;fj$nfeStff5?&afcbTflff^®^51i$ 

> h 3 0 i: bTm:t3^n-5o 

1 llSSfi?!!) mz. -^^f* 1 i:*^B^®ill^5!ia 

^Bi o^cMi-sml^^£^?!lc^v^■rll2~llI4^fflv^ 

TPb<gftB^t-So 

[0 0 1 1] Il|2(i. *j|SE«?!|{c:^t)S*^^*^l© 

30 ia©«^^g3ffii-rSfe»®il^«7^*)tD7^;i/A6 
^ffiffl t-S c i: 4Srjffit;^^B^®Ili^5!tS^tti:tt{c® 
ffl$tis:ii:$ra*fl<]fc-rSo ci®*p<^*<*;ltt^ 
';-X7jt^7>2 i:> ^^n^lcJ;SS^4'®*^^®e» 

«i^itas-rsfcto®^ni^m-fe>-9-3 i:. ^©i^u— x 

> 2 * J;t>*^©^n*^(iS-fe >-y- 3 SrSOffllt-SfeiJffllgP 

4i:. ^©^tit^m-fe>it3T-ttm$nfc^ntfig^&Hu 
©»{-ffilS;^tiTi'>So 

[0 0 12] ci©*^^*^l®Ji^i!;<^^Miie$#S 
40 l/'J-X7jf^5'>2©jfTf3j;oTiaJg$ns Itfe©^* 

«*®:;&^c^e^s%-a®«l«e<J'5:5!lal^J# (wTs 
miz^ y)m^-r?>ij;<^:^i$-i<D^ix^mtiit^rzisb(D 

^nt^i±J-fe>it3 ^)$IOTUT^ c:®^nt^ai-fe>1t3As 
^liiLtiitliytz^fUzmir^y^—i'm^^. y^)VAm 

m(D-mzmm.^tirzm^t^ifi<^m^m^mm i 

[0 0 13] C®7^;i/A6®Pjf^{fi:S(3f38t^nfe 
50 r^nW^Bj 43<tUf. c®7^';i/A6®)(SttJStiMt-S 
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nmW-S-i. 7 2 5 3 3 



tz m^mmj ^mMcDmmismmm i o mm) 

xmm^tifz^nmm.^m.n-t^tzistnz>j;istiimm^7r, 

[ 0 0 1 4 ] p u < (is z.(Dm^mmmm loit. y-< 
)\yK^\z%z%.^i\,x\^i,%^^mm.^n.%mmm^'&^ 

7^;i/A^'f Xh I SO^JS) ^Mff^tH-Ti^a-^^y 
H 1 5 i:. ^gO^gp^Mltlc^Jffll-rsSiW^ 1 6 

®m7^-A;<^'J 1 3^::H3^t^nTV^5^1^ili^, 

K 1 5 izjii'ym^m.mtz^timm^^v's n 
:^y-< y:mmmti^mi st^t^tati^^ti^m^y ^ y:^^ 
hji^mm^mi'>xw.7ty^)V'^'mm.^m^-t?>m.7i. so 

moi^n(om^mmizw.n^T^mmw.n^mw^m i 9 

«x;^tifeli^^-B#WJc|BttLT*<ll2 :7l/- 

[0 0 15] ^fes i^i^jvyv 2 1 ii. la^sn. 
a^gi 0izt5\,^xmm^ntz^^i^i^)miSL^tiitii' 
^fzS)(Dyv > vmtimwLX'^^. ^t, ifcosia, 

;i/A^-i' X*^j;t>\ I SO^St'^f-rsy-f xx^i' h 40 

[0 0 16] 
[«1] 





ISOSJK 








Sni{u,v) 


1600JK± 


Sn2 (u,v) 




1600*iK 


Sn3(u.v) 


1600«± 


Sn4(u,v) 








1600KJ1 


SCgCu.v) 



50 



[0 0 17] m^^x. ±m(Dmimmmici6i,^^»smm 

WlZ-iDl^^XMrnt^o 0 2cD*^52^f*lC43V^T^ m 
^#ASU«J— X:1t^>2^3t-> (ffT) -T-Siiv mmSi 

4 ®$ijw®aT-^nt^aj-fe >it 3 ifim^(D^tnekiiimm 
^mti^^-^^c ^fkm^titz^^timmitm^^^y h- 51Z 

5c^nfeX'; > b®#j5)(;©fe«){-iii^^fLa^si o(c-k 

[0 0 18] EI 3 ©H^^IflS^a 1 ocjji^-r. 
*J> X^-hSWl 4^3»->^Si:, c:©S®®ftiJffllgB 

1 6 1 i »3 'f p< -i^-fe >-9- 1 1 i^mwun-^ii. -fe >v b 

^^y K 1 SAs^-f ;i/A6®?ta^B7{c:|B®$nTV>S 

i*®fes5){cili 7 1/— A^^'j 1 sicteii^n-g., - 

m^^^^ K 1 5x-m^w.i^titz^nmmi^. m.^y 
-f jv^m^^m 1 7 7 ^ ;bAti^{±Jia^*y 

XtS|gtB;b^lSl 8{;teJI^nSo ci®)Ktty'fXt» 
«m:^3^iai 8A^e>tt. 7^';i/A^^X. ISO^JgC 
iSbfe/'W X®X'^<> h;i/+f$8ASHuf3«7t;7>f ^lU^S'lS;^ 
^|gl 7{cm:t;$tiSo ^fc. Ill A^^ U 1 3 

iz-mmm.^tixi^tzmmmm^:i(Dm7iy 

1 7 dtei^^ns ;i/^aS!^^l6 1 7 

■eji. ) ^ 1 7ix-A^^'; 1 3ipe>®f3is^tiTv^fc 
mmmmmmt. m^^^:^ k 1 5A^?>^^?>tifc^nt»ia 

Jis^tty ^Xtt^tll;t/^l9!l 8 3fp?,tti;^;^tifc^4tty 
^X®x-^^ ^;^tffB^Sfflv^T. (mifi-T'S^^t J; 

m'^i^^-:>Xm 1 7P-A^t'J 1 3*>6.®^3fe®Jl» 

iij^A^ ^n®Mv>ia^{ca7t;^tiS. :i®M7ti^tifc 
lii^tt*};, ^27 l/-A^ ^ U 2 0 Htejj|^tl-B#§3 
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8 



[0019] ' c T-H>ifHcD«i4^> ^ ixmmnii^^m. i s 

ig7-i-;i/A6*si S0^JS4 0 0®*^— ;^:*f7'f ;i/A 
n, (u, v) ifiliiti^^ti^. ^m-^titzU^^ y:^^ 

S7^;i/^'iaS^^Sl 7{3ov^TSCi¥b<attH^1-«. 

[0 0 2 0] la 4 (±. mmm.^y -f ;i'^'as^^ia i 7 t- 

M(u.v) 
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*Jl«Il^^f (x, y) . ^^n««^h (X, y) . 
J -i X(D7,^if \-)\^^&^St). (u, v) . a557-f;i/ 

(^^JT-tts 'J7^:^7-y;1'<$';1/) &M (u, v) 
i:-r^c X, y{iiiiil®«. i^ffl2ife^ffi«5&mbs 

«4^b-rv>5, ^ 1 71/— Apt^u 1 3A^e>tej@i^n 

fcJi^ilJ^f (x. y) i:. M^'v-^ K 1 Sjipe.tejll^ 
ttfe^tlW^gh (x. y) {±. 7-UJi^*fe (F. 
T. ) ^fi. -tn^nJi^Biftx^^ h;i/F (u, 
v) . mWISx-^i' h;i/H (u, v) i:^-5>o 

-(}\y^mim (u. v) {i. )iatty'fxifiBaii;^i§i 

8A^?,feS^n2.>'^X;^-<^ h;u?BjSSn (u, v) 

ii^MISx^^j' h;i/H (u, v) ii^m^^^ii. 

( 1 ) ©.tat-^^tl-So 

[0 0 2 1] 

[ISI] 



I H(u,v) |2 



H(u.v> I H(u,v) |2+sn(u, v)/Sf(u.v) 



CD 



[0 0 2 2] mb. M (u. v) 



H (u. V) 
Sn (u, v) 
Sf (u. v) 



y -fXoDX^^ h 

CCT% ^®Sf (u, v) {i, 

^i^V)\^mS.Sf (u, v) ai^iBfli:^^^ b;uF 
(u, v) X;^'<^ h;i/^SSn (u, v) i:® 
llT-i£{6tt-SChC<t t). ±SC (1) 30 

mwLM (u, v) ?&»m-r?.^i:*sT-§?., 

[ 0 0 2 3 ] W±©^J5£{^ cfc !3 > mm^iXtcy -< )VK(D 

% < fl«{::ffiffl $ n& ^ig 7 ;i/ A t ftjgJ&^Tc 7 ^ ;i/ 

[0 0 2 4] ^fc. ^n?) I S0^JS^7^;i/A^^'X 
CM-rSV^t)f9)€.7'f ;i/At»?g{±^ ^)iffl7i';i'A®— )5S! 40 

5&lf^g^SlMi3^bT*D<^®^e:»5ttJ&v^®T^ 
ssicil bToffiffl±©^affl^4{±lS^'^. 

(^2^SSfi?!)) 0 2. 03S^PH55fefflV^T*#6 

[0 0 2 5] ^2 I^JE^^yi: bT©Iij^^iaa«B©«fiK 
tts Hiij^©a 1 IIS£«?'J©«f«i:a*ai]{-{i{5{J|5] bT-fe 
fc)eb> BuSBy-f ;uA6©^3gB#t:itS^JK«7{cH3 
®^^^Tv^S7'r;^At»?g{i. ^^7'<;i/A6© trm 50 



S KSittJg ^ y ^' X^ 5 - ^J' ^j^-r fc »© AS 

2 ifc^cT^ - x;ufl^ic T- ^ »i^sa<] c IBM ^ V ^ 5 c 

[0 0 2 6] 

[«2] 



9~11 



12«± 



Kn 



0.001 



0.005 



0.01 



ao3 



[0 0 2 7] Z.(D^^m±. RMS!KttiK4S;^§V^ (BP 

y-f xyi^/-^^^*oiatcss;«^n> RMS 
[0 0 2 8] ijjic. ±iiE©^ 2 mmm(Dmm.^mmm(D 

©ill3llffi«?!l©*)©i:a*S<]i3«ias|wibT-feS*s. i)j 

©j^T-s*^. t-^t^*.. ?^a^>vKi b\t.mm.n\zy 

^;uA6©i^^J17{ci3gi$nfc7>f ;i/Atf$a (i© 

\h±^^i 8{3teji-rso *t:i©)te>Ky^xtf^m±j 

1 8 {i, ±IB©^glStCtieoTC©7-i';i/A© 



(6) 
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■Tim^^ti^m.^y ^ jv^mm.M (u. v) it. a^ag 

1 



HuiC (1) (D^miz^^Sn (u, v) /Sf 

(u, v) (D^'^^m-^tt:^m.KnX'm^^^^:itiz 
j:t)*-rs (2) ssRffl-ra. 

[0 0 2 9] 
[1^2] 



M(u,v)= 



iHCu.v) |2 



H(u,v) |H(u.v)|2+Kn 



(2) 



[0 0 3 0] fiL. M (u. v) :m7c7'f;i/^ 
H (u, v) : '^imm.X-<^ 
Kn : y ^'Xy^^^-iJ' (^m) 

/h$ofiii:5S;^o Huf3®J|S«y^Xt»«m;^;^mi 

s (2) \cm.-$nfzm<(om.7ty ^ )\^i^mwLM (u, 

v) <Z)a9:^Cfflv^f,^^So 

[0 0 3 1] mtrnTuy ^ 1 1 T-a. ei s 

^nfc^^n«$ah (x, y) a. f. 

T. ) ^^x. S&^bM^x^^ h;i/H (u, v) fcJ&So 
*bT±ie®i:*i^)^ H (u, v) iiHuiBJSt'cy^'XW 

fflV'-T. ax;7i';i/^$'M (u, v) ASia^^nSo 
[0 0 3 2] J[it±CD«fiKlC<tfi«. RMStettSi;V^ 

y^)\yh.(Dm.^mzm-r^mm^^-(v^v\z^^-r 

(Dx. mmiz^m^titz^y -< jiAmi^'ig-Tiy 
m^mmis^-^mmizm^-t^^tii^X'^^o 
[0 0 3 3] «c*j\ :^mmmxits mM.j ^ xi^y ^ 

a^i^mmx^tztK ^^—i]—cDm^y-(}\yA^ifi^-^(D 

jvAiztm^titzn^j ^ xizm-t?>mm^mfym > 
^(DmrnLtt^^nrnmizm-^y ^ )\y^mwL-^m^-r^tK 
i^mmifimnizmnx.. mmizim(Dx±imy~r>^i^ 
3y^—mt:mw\^xnvi^^x^fziii. 

[0 0 3 4] ^fe. ^mMmmizm-r^mcDmmmti. 
xit. i:).±izm-^tzmimm&k xitm2mmmi>xi^iz 
i>. :^mM<Di.m^mK\.tii}.^mmf^xm^(D'Mmt^'^ 

[0 0 3 5] *:J3. *^B^^S®ilJSi5J;tJf^®#ffla 

( 1) 2|s:^Bj©iii^®asstts y ^ jvAizm^^ti 
tz^nmiSL^tzitmmiSL^m^mmtL. ^mm&m 
^^^tiRmm(Dm\mmzmn-r?>tzisb(DmwL(Dm. 
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N 30 



SoT^ Bui3«^7>f;u^$'HIS (H(u,v)) (i. ffi^Bttr 

^ )Vi.izim^tifz^nmm^mz-r^mmm^ 
m^(D^^imm.x^^ hjv (h(u,v)) ^mm^m^k 

{c^*nsM*D*i«{3Mt-?.y^XX-^^ h;i/S&JK (Sn 

(u,v) ) :i(DHi}nm'^^^mm&mm^iom\)m^'^ 
tziSiUmmmmx-<'> hj\^mm (sf(u,v) ) t. ^mi^ 
xm^^titzmmx':^*). zti^<Dmm m-^. huib^ 

mW,jS:i\mmm^x^-^ }• j\^mm) ^mtiw.7i,y ^ jv-^' 
20 mm.(D/^^^-^t\^xmm{^mmtiim.n:mm^notz 
sbcD mtim.7i.y -()\^^mm^w>'^-r ^m.7uy ^ jvi'ssf^ 

xmm^m^(om.Wi^x^^ vmrnm^y -y )v^wt^^ 
m\zmtim^^^i&^y ^ xmm.\^±i^mh. mtm^ 
y -f )vi^m^^mz^-oxm^-^fifz^mm.5ty -f 

[0 0 3 6] Wmm^ : ^<t;SilSX-<^' ^ -f X 
^ R^®/^^ ^ i: bT-^;t ^ i: i o 

[ 0 0 3 7 ] ( 2 ) mm^n.y^ )vi^m^^mkSi. ® 



40 



50 



m^x'^n-^ntzmm.y ■>( )\yh.a:>imkmznm-r^n^ 
[ 0 0 3 8 ] ( 3 ) mimTzy -f ;i/^iS;^^fiS«i. 

^j\^^^m^-t?>:it^^mti-^( 1 ) f3«®iii^s!i 

[0 0 3 9] : ^ ;i/A t|3^nfc3|s;itt 

y ^ xmmiiiti^m.^izm^(Dm.m^x^n^nfz^(D 

y-iJVAODl SOms.^&lzMliB-t-?)^ ^ xx^^ 

mm^w.5i,y^j\^^mm.(Di-o(D^^^^-^vzm^-r?> 
(Dx. yfimy ^ jvAX'b^mosmx^^ ti^iz, m.7zm 



(7) 



W 8-172533 
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[0 0 4 0] ( 4) mem^y-^jv^m^^mii. m 
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